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components but also by their boundary conditions.
3224-Symp
A Cell’s Life Under Confinement: Growth, Division and Migration When
Space is Limited
Matthieu Piel.
Institut Curie, Paris, France.
In tissues, cells have their physical space constrained by neighboring cells and
extracellular matrix. In the recent years, we have developed simple and versa-
tile devices to precisely and dynamically control this confinement parameter in
cultured cells. I will present results we obtained on the effect of forces and
confinement on dividing and migrating cells. Early in mitosis, cells round up
by pushing on their surroundings. This is essential to ensure enough space to
assemble a proper mitotic spindle. In prometaphase and metaphase, cell shape,
as well as forces acting on the cell, together affect the orientation of the mitotic
spindle, setting the division axis. Later in the division process, daughter cells
re-adhere and spread, while the cytokinetic process is not yet finalized. During
this late step, forces cells exert on each other and on the substrate regulate the
final abscission process. Confinement also strongly affects the mode of migra-
tion, eliciting fast amoeboid migration of weakly adherent cells. Finally I will
present a new method to accurately follow volume of single cells on long time-
scales. We found, for all cell types we measured, that cell volume homeostasis
is mostly based on the fact that smaller cells have a longer cell division cycle, a
process well established for yeast cells, but which was thought to be absent in
animal cells. We also found that when cells enter mitosis, they very signifi-
cantly increase their volume, due to osmotic swelling, a feature that, together
with cortical stiffening, might help them to push on their neighbors and round
up when dividing under confinement in a tissue.
Platform: TRP Channels
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Molecular Mechanism of TRPV2 Trafficking in Sensory Neurons
Matthew R. Cohen1, Kevin W. Huynh1, Daniel Cawley2,
Vera Y. Moiseenkova-Bell3.
1Case Western Reserve University, Cleveland, OH, USA, 2Monoclonal
Antibody Core Facility, Vaccine and Gene Therapy Institute, Oregon Health
Sciences University, Beaverton, OR, USA, 3Pharmacology, Case Western
Reserve University, Cleveland, OH, USA.
Ca2þ is an important signaling mediator in neuronal guidance, outgrowth, and
retraction. Amplitude, frequency and subcellular location of Ca2þ transients
regulate development, function and survival of neurons. Transient receptor po-
tential vanilloid 2 (TRPV2) is a nonselective Ca2þ-permeable cation channel
implicated in growth factor signaling and neuronal cell development. TRPV2
shows constitutive activity, suggesting that its subcellular location is important
for its function; however, the molecular mechanisms by which TRPV2 traf-
ficking is regulated are not well understood. We identified several TRPV2 bind-
ing partners frommouse brain implicated in neurite extension and nerve growth
factor (NGF) signaling. In heterolgous expression systems, NGF signaling
increased expression and changed the localization of TRPV2, while IGF-1
had little to no effect on TRPV2 localization. Studying endogenous TRPV2
has proven difficult since specific pharmacological modulators are unavailable
and TRPV2 antibodies have not been extensively characterized and validated.
Our laboratory has developed highly specific monoclonal TRPV2 antibodies by
using full-length, tetrameric TRPV2 as an antigen. These antibodies have al-
lowed us to identify endogenous expression, localization and the effects of
growth factors on TRPV2 in neuronal cell lines and DRG neurons. These re-
sults will enhance our understanding of the key players in Ca2þ signaling dur-
ing neuronal cell development.
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Direct Recording and Molecular Identification of the Calcium Channel of
Primary Cilia
Paul G. DeCaen, Markus Delling, David E. Clapham.
Childrens Hospital Boston, Harvard Medical School, Boston, MA, USA.
Primary cilia are solitary, tiny organelles that project from the membrane of
most mammalian cells. Housing components of the cell division apparatus be-
tween cell divisions, they also serve as specialized compartments for calcium
signaling and Hedgehog signaling pathways. The ionic permeability of the pri-
mary cilia membrane, the ionic concentrations within the cilia, and the diffu-
sion barrier created by the cilia neck are unknown. Here, we report the first
direct measurements and identification of ion channels from intact primary
cilia. We demonstrate that a channel composed of two TRP channel proteins,
PKD1-L1 and PKD2-L1. This channel richly populates cilia at a density thatrival those of voltage-gated ion channels in nerve and muscle. This heteromeric
channel conducts a moderately calcium-selective current that is regulated by
second messengers of the Gaq/11 pathway. We developed a transgenic mouse
in which only cilia express a fluorophore and employ it to measure currents in
the cilia of diverse tissues. In conjunction with cilia-specific ratiometric Ca-
sensor, we show that the PKD1-L1/PKD2-L1 heteromeric channel establishes
the cilia as a unique calcium compartment within cells that regulates estab-
lished Hedgehog pathways.
3227-Plat
Soluble Phosphoinositide Physical Chemistry and the Interpretation of
TRPV1 Potentiation
Marcus D. Collins, Sharona E. Gordon.
Physiology and Biophysics, University of Washington, Seattle, WA, USA.
Many cellular signaling processes depend on phosphoinositide lipids (PIPs), so
that several techniques to manipulate plasma membrane PIP levels have been
developed. Among the most common is the application of ‘‘short-chain’’
PIPs, usually dioctanoyl PIPs, to excised, inside out plasma membrane patches
or to whole cells delivered by dialysis through the patch pipette. Our goal has
been to better connect studies using these diC8-PIPs to physiological situa-
tions.We have applied isothermal titration calorimetry to determine the parti-
tion of these lipids into models of both the intracellular and extracellular
leaflets of neuronal plasma membranes. To accurately model the measured
heats of transfer of the PIPs from solution to the membrane and account for
ion binding as the membrane becomes increasingly charged, applied a
variable-charge model of the PIP headgroups. We found, not surprisingly,
that for equal solution concentrations, the mole fraction of diC8-PI(4)P in the
membrane is about twice as high as the mole fraction of diC8-PI(4,5)P2. More
intriguing is the implication that very low concentrations give a number of
diC8-PI(4,5)P2 are required to activate TRPV1. We will discuss the conditions
under which our observations can be extended to physiological PIPs, as well as
implications for other ion channel studies applying these short-chain lipids. Our
results suggest novel experiments to examine the role of the membrane in regu-
lating membrane protein function.
3228-Plat
Store-Operated Ca2D Entry Channels Regulate Cell Growth and Migra-
tion in Human Cardiac C-KitD Progenitor Cells
Hui Che, Gui-Rong Li.
The University of Hong Kong, Pokfulam, Hong Kong.
Background and objective: It is believed that cardiac c-kitþ progenitor cells
maintain cardiac homeostasis and have the potential of multipotent differenti-
ation and myocardial repair. However, cellular physiology is not well under-
stood in cardiac c-kitþ progenitor cells. The present study investigated the
functional store-operated Ca2þ entry (SOCE) channels and the potential role
in regulating cell proliferation and migration in human cardiac c-kitþ progen-
itor cells.
Methods: Multiple techniques were employed in the present study, including
confocal scanning microscope, RT-PCR, Western blot analysis, co-
immunoprecipitation, and cell proliferation and migration assays.
Results: We found that Ca2þ influx through SOCE channels was inhibited by
La3þ or 2-aminoethoxydiphenyl borate. Genes and proteins of the SOCE com-
ponents TRPC1, STIM1 and Orai1 were abundant in human cardiac c-kitþ pro-
genitor cells, and the protein-protein interaction between TRPC1, STIM1 and
Orai1 was revealed by co-immunoprecipitation. Silence of TRPC1, STIM1,
or Orai1 with the corresponding siRNA significantly reduced the Ca2þ influx
through SOCE channels. Interestingly, knockdown of TRPC1, STIM1, or
Orai1 decreased cell proliferation by reducing cyclin D1 and cyclin E, while
inhibited cell migration via reducing p-Akt kinase.
Conclusion: Our results demonstrate the novel information that TRPC1,
STIM1 and Orai1 are the major components of SOCE channels in human car-
diac c-kitþ cells. They regulate cell proliferation by increasing cyclin D1 and
cyclin E, modulate cell migration by activating p-Akt.
3229-Plat
Glycosylation of TRPM4 and TRPM5 Channels: Molecular Determinants
and Functional Aspects
Ninda R.M. Syam, Jean-Sebastien Rougier, Hugues Abriel.
Dept. of Clinical Research, University of Bern, Bern, Switzerland.
Background
Transient Receptor Potential Subfamily Melastatin Member 4 and 5 (TRPM4-
5) are non-selective cation channel that are activated by intracellular calcium.
Their various post-translational modifications are not yet well-described for its
function and regulation.
Aim
To investigate the significance of TRPM4-5 glycosylation and function.
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We identified putative N-linked glycosylation sites Asn992 and Asn932 in the
pore of TRPM4-5, respectively. Here, we assessed the roles of these sites using
HEK293 cells. In WT TRPM4, we detected fully and core glycosylated bands
on Western blot which were completely abolished by mutating Asn into Gln
(N992Q). However, the mutation did not affect TRPM4 transport to the cell
membrane. Treatment with deglycosylating enzymes, PNGase F and Endo H,
demonstrated that TRPM4 is glycosylated differentially in the total fraction
and at the cell surface. While it is glycosylated with high mannose, hybrid,
and complex oligosaccharides in the total fraction, we only observed glycosyl-
ation with complex oligosaccharides at the cell surface. We performed patch-
clamp experiments in whole cell configuration with WT and N992Q mutant.
N992Q decreased TRPM4 current (WT 211522pA/pF n=8 vs. N992Q;
157pA/pF n=7). Mutation in TRPM5, the closest relative of TRPM4, showed
similar results. To verify that glycosylation has an effect on TRPM4 function,
we treated TRPM4 with tunicamycin, an inhibitor of N-linked glycan synthesis.
The treatment increased WT TRPM4 current (untreated 10056pA/pF n=5 vs.
treated 202529pA/pF n=5) without any effect on N992Q mutant.
Conclusions
We found that TRPM4 and TRPM5 are glycosylated at Asn992 and Asn932,
respectively, and this post-translational modification is essential in regulating
their function, but not their transport to the cell surface.
3230-Plat
Proton Activation of TRPV1 Channels
Bo Hyun Lee, Jie Zheng.
Physiology & Membrane Biology, UC Davis, Davis, CA, USA.
Proton is the best-known endogenous ligand for TRPV1, a pain-sensing poly-
modal receptor. Extracellular acidification (e.g., due to inflammation, tissue
damage and ischemia) strongly activates the channel. However, the underly-
ing molecular mechanism remains largely unknown. Outside-out patch-clamp
recordings at room temperature from HEK293 cells showed that proton in-
duces mTRPV1 currents with an apparent EC50 of 1.3 mM (pH 5.9), in the
same range as the apparent EC50 for capsaicin (of 1.0 mM). Proton exhibits
two effects on TRPV1: binding of proton to extracellular sites promotes chan-
nel activation with an apparent EC50 of 1.7 mM (pH 5.8), whereas proton in-
hibits ion permeation with an apparent IC50 of 2.1 mM (pH 5.7). Combination
of these two effects yields a prominent "off response" upon removal of acidic
solutions, during which the channel current increases abruptly and then slowly
decays back to the baseline. Proton potentiation of gating also strongly affects
TRPV1 activation by capsaicin, voltage, and heat, causing substantial shifts in
their dynamic ranges. Synergistic effects among multiple stimuli allow mild
acidification to induce strong TRPV1 activation that may contribute to painful
sensation.
3231-Plat
Single-Point Mutations in Ankyrin Repeat Six Make Mouse TRPA1 Sensi-
tive to Hot Temperatures
Sairam V. Jabba1, Raman Goyal1, Hans Moldenhauer2, Breanna Kalmeta1,
Michael Bandell3,4, Ramon Latorre2, Ardem Patapoutian3,4, Jorg Grandl1.
1Neurobiology, Duke University Medical Center, Durham, NC, USA,
2Centro Interdisciplinario de Neurociencias de Valparaı´so, Universidad de
Valparaı´so, Valparaiso, Chile, 3Cell Biology, The Scripps Research Institute,
La Jolla, CA, USA, 4Genomics Institute of the Novartis Research Foundation,
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A subset of Transient Receptor Potential (TRP) ion channels is expressed in
sensory neurons and enables thermosensation in mammals. These TRP chan-
nels are activated with high sensitivity either by hot or cold temperatures.
The molecular mechanism of this temperature-directionality (heat vs. cold) is
not understood. TRPA1 is special in this respect, because several TRPA1 ortho-
logues are activated by either heat or cold or are temperature-insensitive. We
hypothesized that specific amino-acid residues in TRP channels determine
temperature-directionality and that mutation of these residues might shift the
thermal-activation profile. To test this hypothesis, we generated a library of
cold-activated mouse TRPA1 containing ~12,000 random mutant clones and
stimulated it with hot temperatures, while measuring channel activity in a
FLIPR calcium assay.
We discovered three single-point mutations in mouse TRPA1 that each cause
strong heat-sensitivity in TRPA1. All three mutations are located in ankyrin
repeat six. The sensitivity to chemical agonists remained unaffected in all three
mutants. Electrophysiological characterization of one point-mutant revealed a
strong temperature-dependence of voltage-sensitivity, the rate of channel acti-
vation but not deactivation, and the open-probability but not unitary conduc-
tance. Taken together, our data demonstrate that single-point mutations are
sufficient to make mouse TRPA1 strongly heat-sensitive and that chemical acti-vation can be uncoupled from temperature activation.We propose that a change
in the coupling between temperature-sensing and channel-gating causes this
change in temperature-directionality.
3232-Plat
Effects of a Non-Hydrolyzable ADP-Ribose Analog on the Gating of the
TRPM2 Channel
Bala´zs To´th, Iordan Iordanov, La´szlo´ Csana´dy.
Dept. Med. Biochem., Semmelweis University, Budapest, Hungary.
TRPM2 is a non-selective Ca2þ permeable cation channel co-activated by
intracellular Ca2þ and ADP-ribose (ADPR). ADPR binds to the C-terminal
NUDT9-H domain. Intriguingly, when expressed in isolation, the NUDT9-H
domain functions as an active ADPR hydrolase which breaks ADPR into
AMP and ribose-5-phosphate. To exploit the relevance of this putative activity
for channel gating, we examined the effect of AMPCPR-, a non-hydrolyzable
ADPR analogue, on TRPM2 channel gating using macroscopic measurements
and steady-state single-channel kinetic analysis. In biochemical experiments
purified NUDT9, a mitochondrial ADPR-pyrophosphatase, showed efficient
hydrolysis of ADPR, but completely failed to cleave AMPCPR.
When applied to inside-out patches the apparent affinity of AMPCPR for
TRPM2 activation was two orders of magnitude lower compared to ADPR
(K1/2ADPRz1mM, K1/2AMPCPRz80mM), and even at a saturating concentration,
it could only partially stimulate TRPM2 activity.
We also compared macroscopic current relaxation time courses in response to
sudden removal of ADPR or AMPCPR. The current decay time constant was
almost four times shorter after AMPCPR removal than following ADPR
withdrawal.
In steady-state single-channel measurements TRPM2 shows bursting behaviour
when gated by either nucleotide. We compared mean open times and mean
burst durations in the presence of ADPR or AMPCPR. These parameters
were independent of the concentrations of the agonists, but both were signifi-
cantly shorter in the presence of AMPCPR.
Our results identify AMPCPR as a low-affinity partial agonist. The fact that
channel closing rate is not slowed in the presence of a non-hydrolyzable ligand
suggests either that the NUDT9-H domain has no ADPR hydrolase activity, or
that the latter is not required for channel closure.
Platform: Molecular Dynamics II
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Transcription Factor Binding and Sliding Studied using Microscopic and
Mesoscopic Models
Anel Mahmutovic.
Cell and Molecular Biology, ICM, Uppsala, Sweden.
In vitro experiments in the early 70s suggested that the time it takes for LacI to
bind to the operator site is ~100 times faster than what would be expected for a
pure 3D diffusion-controlled binding reaction. This discrepancy between the-
ory and observations was resolved by introducing the theory of facilitated diffu-
sion where the operator search problem is viewed as a coupled 1D-3D diffusion
process. Since then, numerous theoretical studies have been made to elucidate
the details of the search process. In this work we have used fully atomistic mo-
lecular dynamics simulations for the complete LacI dimer (666 aa) and a stretch
of nonspecific DNA (30 bp) to help unravel these details. In particular we find
that LacI slides along DNA in a helical trajectory with fast hydrogen-bond dy-
namics, displacing water molecules and sodium atoms in its path. Using the
umbrella sampling technique we also quantify the free energy variation of
LacI sliding and dissociation. We then use this energy landscape to deduce
the 1D diffusion constant, D1=0.14 mm
2s1, and a microscopic residence
time, tmicro= 69 ms. Given that tmicro is not accessible on experimental time-
scales we employ Brownian dynamic simulations to estimate the average num-
ber of times LacI rebinds to DNA before macroscopically dissociating (~700).
Then, by connecting Brownian dynamics and molecular dynamics, we get a
macroscopic residence time (tmacro= 48 ms). Finally, we estimate a sliding
length of 240þ-105 bp, which compares well to the experimental value of
150 bp. As such, we connect structural dynamics at the ns timescales and atom-
istic lengthscales with meso- and macroscopic information to unravel hitherto
unknown apects of the search process.
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Simulation of the Conformational Transition Pathway for the Activation of
Full-Length C-Src Kinase using the String Method
Mikolai Fajer, Yilin Meng, Benoit Roux.
Division of Biological Sciences, University of Chicago, Chicago, IL, USA.
The Src family kinases are important cellular signaling proteins that share a
common catalytic domain and two peptide-binding regulatory domains called
